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ABSTRACT 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The thesis entitled "Inter- and Intramolecular Trapping of Radicals in Ti(III) Mediated 
Opening of Chiral 2,3-Epoxy Alcohols: Applications in the Stereoselective Syntheses of 
Quaternary Chiral Centers, Highly Substituted Carbocycles, Oxacycles, Azaycles and 
Formal Total Synthesis of (+)-Sch 642305"consists of three chapters: 
CHAPTER I: Deals with the Ti(III)-mediated opening of chiral epoxy alcohols and its 
application in the syntheses of quaternary chiral centers and oxacycles. 
This chapter is divided into two parts: 
PART-A: Deals with the Ti(III)-mediated opening of trisubstituted chiral epoxy alcohols and 
intermolecular trapping of the intermediate radicals by electron deficient double bond leading 
to the stereoselective formation of quaternary chiral centers. 
PART-B: Deals with the Ti(III)-mediated opening of disubstituted chiral epoxy alcohols and 
intramolecular trapping of the intermediate radicals by β-(alkoxy)acrylate moieties leading to 
oxacycles. 
CHAPTER II: Deals with the Ti(III)-mediated opening of disubstituted chiral epoxy 
alcohols and intramolecular trapping of the intermediate radicals by β-aminoacrylate moieties 
leading to the stereoselective formation of highly substituted azacycles. 
CHAPTER III: Deals with the Ti(III)-mediated opening of disubstituted chiral epoxy 
alcohols and intramolecular trapping of the intermediate radicals by α,β-unsaturated double 
bond moiety leading to the stereoselective formation of highly substituted carbocycles and its 
application in the formal total synthesis of (+)-Sch 642305. 
CHAPTER-I 
PART-A: Radical-mediated opening of chiral 2,3-epoxy alcohols using Cp2Ti(III)Cl: 
Stereoselective construction of quaternary chiral centers. 
There have been many reports in recent years on the radical mediated opening of 
epoxides using Ti(III) reagents and its application in the synthesis of many natural products. 
The reaction that was reported in 1988 was extended later to various 2,3-epoxy alcohols that 
led to the development of a facile method for the synthesis of chiral allylic alcohols. 
Interestingly, when the same reaction was carried out by us for an extended period of time, a 
different class of products, namely, chiral 1,3-diols, were obtained from both di- and 
trisubstituted 2,3-epoxy alcohols. This was successfully employed by us to construct the 1,3-
diol moieties of many polyketide natural products. The fact that even in this radical-induced 
epoxide ring-opening reaction of the trisubstituted 2,3-epoxy alcohols excellent 
diastereoselectivity was observed in the hydrogen abstraction step, resulting in the chiral 
induction in the 2-position, prompted us to investigate the stereoselection in the quenching of 
the intermediate radicals with other trapping agents (Figure 1). 
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Figure1 
First we have checked our strategy with disubstituted chiral epoxy alcohol to get C2-
substituted chiral 1,3-diol. For that we have started our synthesis with but-2-yne-1,4-diol (4) 
which was mono protected to 5 with benzyl bromide. The substituted acetylenic compound 
was subjected to hydroalumination reaction with Red-Al to get the substituted trans-olefin 6 
(Scheme 1). Swern oxidation followed by methylmagnesium iodide addition led to the 
formation of secondary allylic alcohol 7.  
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Scheme 1 
Now the racemic allylic alcohol 7 was transformed into desired chiral epoxy alcohol 8 using 
the Sharpless kinetic resolution protocol in 44% yield. To Cp2(III)TiCl, generated in situ 
from commercially available Cp2TiCl2, Zn and ZnCl2 in THF at room temperature, the epoxy 
alcohol 8 was added followed by the addition of radical trapper acrylonitrile in excess 
amount. The epoxide opening followed by the radical trapping led to the formation of (1:1) 
mixture of diastereomers 9. In the product mixture, only 1,3 diol was found and there is no 
trace of 1,2-diol. As in this case we did not get the desired selectivity during the radical 
trapping, we tried almost same sort of reaction sequences (Scheme 2) to get chiral C2 
substituted syn-1,3-diol as described above for the synthesis of 9. Mono benzyl protection of 
(Z)-but-2-ene-1,4-diol (10) followed by Swern oxidation and methyl Grignard reagent 
addition led to the formation of 12 which was converted into chiral epoxy alcohol 13 using 
the Sharpless kinetic resolution  in 40% yield. 
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Scheme 2 
Unfortunately, again we got only the (1:1) mixture of diastereomeric C2 substituted 1,3 syn 
diol 14 from 13 during Cp2Ti(III)Cl mediated epoxide opening. Now we planned for the 
same sort of reactions using trisubstituted epoxy alcohols as precursors. For that we used 
trisubstituted syn and anti epoxy alcohols 20 and 21 respectively. The starting material for 
the synthesis of 20 and 21 was the commercially available 3-methyl-2-buten-1-ol 15. 
Benzylation of 15 provided the required benzylated compound 16 (Scheme 3). The olefin 16 
was oxidized to α,β-unsaturated aldehyde 17 using catalytic amount of SeO2 and an excess of 
TBHP (70% aq. solution) in CH2Cl2. The aldehyde 17 was next treated with methyl Grignard 
reagent (MeMgI) to provide secondary allylic alcohol as a racemic mixture 18 in 84% yield. 
Sharpless kinetic resolution of the racemic allylic alcohols 18 gave the desired 
enantiomerically pure unreacted allylic alcohol 19 in 48% yield along with epoxy alcohol 
19a, separated using standard silica gel column chromatography. The pure allylic alcohol 19 
was then treated with mCPBA to get a mixture of two diastereomeric epoxy alcohols 20 and 
21 (2:3) respectively. From the diastereomeric mixture both epoxides 20 and 21 were 
separated using standard silica gel column chromatography. 
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Scheme 3 
Now the syn epoxy alcohol 20 on ring opening with Cp2Ti(III)Cl, gave a radical 
intermediate that was trapped with methyl acrylate to furnish a mixture of lactones 22 and 23 
in 2:1 ratio (determined from the 1H NMR spectrum of the mixture) in 75% yield (Scheme 
4). Reduction of the mixture with lithium aluminium hydride (LAH) furnished a triol 
intermediate as a single isomer, which was converted to the acetonide 24 in 80% yield. The 
stereochemistry of the tetra substituted C-2 position was determined by 1H NOE difference 
spectroscopic studies of 24. Thus the radical intermediate formed during the ring opening of 
20 was quenched exclusively from the same side as observed earlier with hydrogen 
abstraction. As expected, quenching of the radical intermediate from 20 with acrylonitrile 
gave only one isomer that was transformed into the acetonide 25 in 40% overall yield from 
20, presumably with the same stereochemistry as in 24. 
In contrast, the anti epoxy alcohol 21 on ring opening with Cp2Ti(III)Cl and 
quenching the radical intermediate with methyl acrylate following the same method as 
described for 20, furnished a mixture of four lactones (Scheme 5) that was reduced directly 
without separation using LAH to give a mixtures of two triols in 4:1 ratio, determined from 
the 1H NMR spectrum of the mixture. 
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Scheme 4 
The mixture, which could not be separated at the triol stage, remained inseparable even after 
they were transformed into their acetonides, 26 and 27.  
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Scheme 5 
Determination of stereochemistry of the tetrasubstituted C-2 position from the 1H NMR 
spectrum of the mixture of acetonides, 26 and 27, or by 1H NOE difference spectroscopic 
studies, was difficult because of their twist-boat conformation. However, based on our earlier 
studies on proton abstraction products, the major product in this case was assigned the 
structure 26 with C1-OH and C2-CH3 having syn relationship and the minor one probably 
had them in the anti orientation as in 27. As expected, quenching of the radical intermediate 
from 21 with acrylonitrile led to a mixture of two products and that was transformed into the 
acetonides 28 and 29 in 45% overall yield from 21, presumably with the same 
stereochemistry as in 26 and 27. 
In summary, the method developed here can be extended to the synthesis of 
quaternary chiral centers present in many natural products. 
 
PART-B: Studies on radical cyclization of chiral 2,3-epoxy alcohols containing β-
(alkoxy)acrylate moiety using Cp2Ti(III)Cl. 
Tetrahydrofurans and tetrahydropyrans are the important structural components of a 
large number of natural products. Total syntheses of these natural products generally 
commence with the construction of these saturated heterocyclic constituents. One of the 
widely used methods for the synthesis of such tetrahydrofuran and tetrahydropyran rings is 
based on radical-mediated cyclization of β-(alkoxy)acrylates. We have studied radical 
mediated opening of chiral epoxy alcohols and its intramolecular trapping of the intermediate 
radical by suitably positioned β-(alkoxy)acrylate moiety to lead to the formation of highly 
substituted tetrahydropyran and tetrahydrofurans (Scheme 6). 
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Scheme 6 
The details of the processes are outlined in Schemes 7-12. Scheme 7 describes the synthesis 
of tetrahydropyran framework. For that we started our synthesis from commercially available 
1,3-propane diol (32) which was mono protected to 33 with benzyl bromide in 60% yield. 
Swern oxidation of 33 followed by Wittig olefination of the corresponding aldehyde with 
stabilized ylide. Ph3P=CHCOCH3, led to the formation of α,β-unsaturated keto compound 
34. The Luche reduction of 34 followed by Sharpless kinetic resolution of the corresponding 
racemic allylic alcohols 35 gave chiral epoxy alcohol 36. Now the chiral epoxy alcohol 36 
was protected as silyl ether followed by its debenzylation using H2/Pd(C) conditions to offer 
the epoxy alcohol 37. Treatment of 37 with methyl propiolate in the presence of N-methyl-
morpholine (NMM) gave the “β-(alkoxy)acrylate” intermediate which on desilylation 
furnished the requisite compound 38 to try the ring opening reaction. Compound 38, on ring 
opening with Cp2Ti(III)Cl, gave a radical intermediate that underwent a facile intramolecular 
trapping by the acrylate moiety leading to the formation of the six-member tetrahydropyran 
ring 39 as the major product in 52% isolated yield, along with some other unidentified minor 
compounds. 
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Scheme 7 
The stereochemistry of 39 was determined from 3J values of the C4-H, which did not show 
any large coupling with any of its vicinal protons suggesting its equatorial orientation in a 
chair-type conformation. The CH(OH)Me showed a dq with ~ 6 Hz couplings with both 
methyl protons and C3-H. That C3-center had S stereochemistry could be concluded from the 
fact that diol 39 was easily converted into its acetonide, which otherwise would have been 
difficult to make. Finally, an equatorial orientation of the C2-substituent is possibly more 
stable than an axial one. The latter orientation would be expected to give rise to a lactone 
during the formation of 39. That there was no lactone formed in the reaction provides 
additional support in the favor of the proposed S stereochemistry for the C2 carbon. The 
C2H-C3H coupling of ~ 11 Hz supported the trans relationship between them. The 
stereochemistry of 39 was finally established unequivocally from its single-crystal X-ray 
analysis, which clearly showed the assigned structure.  
For the synthesis of the tetrahydrofuran ring, shown in Scheme 8, starting material was the 
known chiral epoxy alcohol 8, prepared by Sharpless kinetic resolution of the corresponding 
racemic allylic alcohol with >92% ee by Mosher ester method. Debenzylation of 8 gave a 
diol intermediate which on treatment with only one equivalent of propyonic acid methyl ester 
in the presence of N-methyl-morpholine (NMM) furnished selectively the required “β-
(alkoxy)acrylate” product 40. Compound 40 on ring opening with Cp2Ti(III)Cl gave the five 
membered tetrahydrofuran 41 as the minor product in only 12% isolated yield.  
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Scheme 8 
The major product, obtained in 62% yield, turned out to be the acyclic compound 42, which 
was probably formed by in situ opening of the cyclic ether 41 during the reaction itself. 
Compound 42 could, however, be transformed back into the same cyclic ether 41 in 95% 
yield, on treatment with anhydrous K2CO3 in methanol, taking the overall yield of 41 to 71%. 
The stereochemistry of cyclic product 41 was determined by 1H NMR analysis. The C2-H 
signal appeared as a dt at 4.50 ppm with coupling constants of 9.1 and 6.0 Hz. While the later 
was for the coupling with –CH2CO2Me resonating at 2.59 ppm, the larger 3J value was for 
the C2H-C3H vicinal coupling confirming their cis relationship. The C4-H signal appeared 
as a ddd at δ 4.62 with 3J values of 4.5, 3.8 and 1.5 Hz. The smaller couplings were with C5-
H2 whilst that of 4.5 Hz was for the C3H-C4H coupling which were trans. The -CH(OH)Me 
proton appeared as a dq at δ 4.07 with ~ 6 Hz couplings with the methyl protons and C3-H. 
The energy minimized structure of 41 (Chem3D, MOPAC) showed the H-C2-C3-H dihedral 
angle as 24.2º and the H-C3-C4-H angle as 142.4º supporting the observed 3J values of 9.1 
and 4.5 Hz, respectively. 
Next we wanted to test the epoxide opening reactions in protected primary epoxy alcohol 
substrate (Scheme 9). For that we started our synthesis from 3-(benzyloxy)propan-1-ol (33). 
Swern oxidation of 33 followed by Wittig olefination of the resulting aldehyde with 
stabilized ylide, Ph3P=CHCO2Et, led to the formation of α,β-unsaturated ester compound 43.  
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Scheme 9 
Reduction of the ester functionality in compound 43 with DIBAL-H gave allylic alcohol 44 
in 88% yield. Sharpless asymmetric epoxidation of 44 using L-(+)-DIPT and Ti(OiPr)4 in 
stoichiometric amounts gave the requisite epoxide 45 in 85% yield. The primary epoxy 
alcohol 45 was protected as TBDPS ether in 98% yield. Debenzylation of 46 using H2/Pd(C) 
condition led to the formation of 47. Then epoxy alcohol 47 was reacted with propyonic acid 
methyl ester in the presence of N-methyl-morpholine (NMM), as shown in Scheme 9, to 
furnish the required substrate 48. The protected epoxide 48 was treated with Ti(III) reagent to 
get a mixture of the cyclized tetrahydrofuran 49 (minor product, 20%) and the ring-opened 
acyclic product 50 (major one, 60%). Both 49 and 50 were found to have minor isomeric 
products at C-3 (nearly 15% in each of them), which could not be separated or identified. 
That no tetrahydropyran ring was formed in this reaction was proven by desilylating the 
product 49 and treating the resulting diol 51 with NaIO4 which led to its oxidative cleavage 
giving an aldehyde, thus, confirming it to be an 1,2-diol (Scheme 10). The unstable aldehyde 
was readily converted into corresponding primary alcohol 52 with NaBH4. 
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Scheme 10 
In the 1H NMR spectrum of the diol 51 (major isomer) prepared by desilylating 49, the signal 
of C2-H was finely resolved and the C2H-C3H 3J coupling was found to be 5.5 Hz 
confirming their trans relationship.  
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To prove the stereochemistry of the C-3 carbon, compound 50 was transformed into the 
cyclic ether 53 in three steps (Scheme 11) – hydrogenation, selective tosylation of the 
primary alcohol and treatment with TBAF that triggered the cycloetherification reaction 
concomitant with the desilylation process. Even at this step it was difficult to ascertain the 
stereochemistry conclusively and hence 53 was further manipulated to get the intermediate 
54. The 1H NMR spectrum of 54 showed the O-CH-CH2OAc proton as a ddd at 3.70 ppm 
with 6.8, 6.1, and 3.6 Hz couplings, of which the 6.1 Hz coupling was with the vicinal ring 
proton confirming their trans relationship. This proves that the C3-carbon in 54 had R 
configuration as shown above. 
Finally, in an attempt to force the cyclization through the radical formed in the 2-position of 
the epoxide ring, substrate 56 was used (Scheme 12) that could be prepared easily from the 
known chiral epoxide 55. 
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Scheme 12 
Reaction of 56 with Ti(III) reagent  furnished a mixture of the cyclized tetrahydrofuran 57 
(minor product, 15%) and the ring-opened acyclic product 58 (major one, 40%). Both 57 and 
58 were found to have minor isomeric products at C-3, nearly 20% in each of them. The 1H 
NMR spectrum of 57 (major isomer) showed a ddd signal at 3.96 ppm for C2-H with 
coupling constants 6.5, 5.7, and 4.9 Hz. The dq signal for C3-H at 2.21 ppm showed three 
couplings of 6.5 Hz and one of 2.8 Hz, the later one with one of the exocyclic methylene 
protons. Thus both C2H-C3H and C3H-C4H 3J couplings were ~ 6.5 Hz confirming their 
trans orientations as shown in assigned structure. 
In conclusion, we have demonstrated the radical cyclizations of β-(alkoxy)acrylate-
containing chiral 2,3-epoxy alcohols using Cp2Ti(III)Cl. Additionally, this chemistry should 
be amenable to extension for the synthesis of natural products containing similar structural 
frameworks. 
CHAPTER II 
Ti(III)-mediated radical cyclization of β-aminoacrylate containing chiral epoxy alcohol 
moieties: synthesis of highly substituted azacycles. 
Piperidine, pyrrolidine, pyrrolizidine, and indolizidine/quinolizidine are important 
structural scaffolds of several natural products. In the literature, radical cyclization of β- 
alkoxyacrylates and β-aminoacrylates have been extensively used as versatile tools for the 
construction of oxacyclic and azacyclic rings with the later having applications in the 
synthesis of many alkaloids. Here we have studied Ti(III) mediated opening of chiral epoxy 
alcohols and its intramolecular trapping of the intermediate radical by suitably positioned β-
aminoacrylate moiety, led to the formation of highly substituted azacycles (Scheme 13).  
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Scheme 13 
The details of the process are outlined in Schemes 14-19. Scheme 14 describes the 
synthesis of a highly substituted piperidine moiety. The synthesis started from the 
commercially available compound 61. Tosylation of 61 with tosyl chloride followed by 
treatment with methyl propiolate in the presence of N-methylmorpholine (NMM) gave the 
‘β-aminoacrylate’ intermediate 62. Cleavage of the acetal 62 with formic acid followed by 
Wittig olefination with stabilized ylide Ph3P=CHCOCH3 led to an α,β-unsaturated keto 
compound 63. A Luche reduction of 63 followed by Sharpless kinetic resolution of the 
resultant racemic allylic alcohol afforded chiral epoxy alcohol 65, >92% ee as determined 
using the Mosher ester method, in 45% yield.  With this epoxide in our hand, we turned our 
attention to carrying out the crucial epoxide ring opening reaction followed by cyclization. 
Accordingly, when epoxy alcohol 65 was treated with Cp2Ti(III)Cl, generated in situ from 
Cp2TiCl2 and Zn dust and freshly fused ZnCl2, it underwent epoxide opening at the C-2 
position from the hydroxy side and gave a radical intermediate that underwent facile 
intramolecular trapping by the acrylate moiety leading to the formation of the six membered 
piperidine as the only isolable product along with some unidentified complex mixture of 
compounds. 
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Scheme 14 
Now, the resulting diol was protected as an acetonide to furnish the bicyclic compound 66 as 
a white crystalline solid. The absolute stereochemistry of 66 was established unequivocally 
from its single crystal X-ray analysis which confirmed the assigned structure. 
Next, we wanted to test this reaction in a substrate containing primary epoxy alcohol. For 
that, we started from compound 62 as shown in Scheme 15. Cleavage of the acetal protection 
with formic acid followed by the Wittig reaction of the resulting aldehyde with 
Ph3P=CHCHO in refluxing benzene furnished the α,β-unsaturated aldehyde 67 in 60% yield 
over two steps. The Luche reduction of 67 provided the allylic alcohol 68 which was 
subjected to Sharpless asymmetric epoxidation using L-(+)-DIPT to furnish chiral epoxy 
alcohol 69. However, treatment of the primary epoxy alcohol with Cp2Ti(III)Cl  gave only an 
allylic alcohol and no cyclization product was obtained. The primary hydroxyl group was 
then protected as a silyl ether and when this epoxide 70 was treated with Ti(III) reagent, it 
opened the epoxy ring at the C-3 position and the radical at C-3 was trapped intramolecularly 
by the acrylate moiety furnishing a mixture of the desired cyclized pyrrolidine 71 (minor 
product, 20%) and a ring opened acyclic product 72 (major one, 70%) which was probably 
formed by in situ opening of the pyrrolidine 71. Both 71 and 72 were found to have isomeric 
products at C3-H in a 4:1 ratio. Compound 72 could, however, be transformed back into the 
same pyrrolidine 71 in 70% yield on treatment with K2CO3 in methanol taking its overall 
yield to 69%. In this process, we also obtained another highly substituted tetrahydrofuran 73 
(4:1 diastereomeric mixture at C-3) in 20% yield from 72. To know the absolute 
stereochemistry of 71 (major isomer), we first assigned the stereochemistry of 75, which was 
obtained from 73 in two steps (Scheme 16). 
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Scheme 15 
During the course of radical mediated epoxide opening and subsequent base catalyzed 
cyclization, the absolute stereochemistry at C-4 of 71 was retained as R as it was in the chiral 
epoxide 69. The C-5 protons decoupled 1H NMR spectrum of 75 showed a doublet (J = 1.62 
Hz) at 5.03 ppm for C4-H signal indicating that the C3-H and C4-H had a trans relationship 
and that the absolute stereochemistry of C-3 in 75, and hence in 71, was S. The absolute 
stereochemistry of C-2 in 71 was established at a later stage. 
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Scheme 16 
Next, we wanted to transform the pyrrolidine moiety to an indolizidine frame work 
which is a very important building block for many natural products. For the synthesis of the 
indolizidine frame work, shown in Scheme 17-18, we started from 71 which was treated with 
TBAF to provide diol 76. Further oxidative cleavage of the resulting diol with NaIO4 gave an 
aldehyde which was treated with NaBH4 to form primary alcohol 77.  
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Scheme 17 
The protection of the primary alcohol of 77 as a TBDPS ether gave 78 as a single isomer 
after removing the minor isomer via silica gel column chromatography. The treatment of 78 
with one equivalent of DIBAL-H followed by Wittig olefination with stabilized ylide 
Ph3P=CHCO2Et gave α,β-unsaturated ester compound 79 as a white crystalline compound.  
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Scheme 18 
The stereochemistry of 79 was determined by the 3J values of the C2-H proton. It appeared 
as a ddd at 3.62 ppm with coupling constants of 7.8, 3.7 and 3.5 Hz. One of the CH2-
CH=CH-CO2Et protons appeared as a ddd at 2.67 ppm with coupling constants 14.5, 7.4 and 
3.7 Hz. The other one appeared as a td at 2.58 ppm with coupling constants 14.5 and 7.8 Hz. 
So the coupling constant between C2-H and C3-H is 3.5 Hz which indicates that the 
relationship between C2-H and C3-H was trans. The absolute stereochemistry of 79 was, 
finally, unequivocally established from the single crystal X-ray analysis which clearly 
showed the assigned structure. Consequently, it also proved that the absolute stereochemistry 
at C-2 in 71 was R.  Next, the reduction of 79 with LiBH4 gave saturated primary alcohol 80, 
which on treatment with sodium naphthalenide provided the detosylated product 81. The 
transformation of primary alcohol to the corresponding alkyl bromide followed by 
cyclization gave the desired indolizidine framework 82. The spectral and analytical data of 82 
were in good agreement with those reported in the literature. 
Again, we wanted to transform the pyrrolidine moiety to a pyrrolizidine frame work which is 
a very important building block for many natural products. For the synthesis of the 
pyrrolizidine frame work, shown in Scheme 19, we started from 78 which was converted into 
the same aldehyde compound stated above (Scheme 18). One carbon extension of the 
aldehyde via Wittig olefination with Ph3P=CH2 (generated in situ) led to the formation of 83 
in 60% yield over two steps.  
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ii. Boc2O, DIPEA, CH2Cl2,
    0 °C to rt, 10 h, 62% in 
    two steps
N
OTBDPS
Boc
H
H
OH
i. MsCl, Et3N, DMAP(cat.),
   CH2Cl2,  0 °C, 0.5 h,
ii. 30% TFA, CH2Cl2,  0 °C,
    1 h.
iii. 2(N) NaOH, THF,
     0 °C to rt, 10 h, 45% in
     three steps
N
OTBDPS
H
H
83 84
85 86
 3(N) NaOH, 30% H2O2,
 70%
 
Scheme 19 
Olefin 83 was subjected to hydroboration using BH3-DMS in THF, followed by oxidative 
work-up, to furnish primary alcohol 84 in 70% yield. After removal of N-tosyl group with 
Sodium naphthalenide, the amine was readily Boc protected to 85, keeping the primary 
hydroxy group free in 62% yield. Next mesylation of hydroxyl group, Boc deprotection using 
30% TFA, followed by basification using ice-cold 2 M aqueous sodium hydroxide solution 
triggered the formation of much desired pyrrolizidine frame work 86. 
In summary, we have demonstrated the Ti(III)-mediated radical cyclization of ‘β-
aminoacrylate’ containing 2,3-epoxy alcohols, and this method can be extended to the 
synthesis of many natural products containing piperidine, pyrrolidine, pyrrolizidine and 
indolizidine/quinolizidine moieties. 
CHAPTER III 
Synthesis of highly substituted cyclohexane moiety using Ti(III)-mediated chiral epoxy 
alcohol opening and its application in the formal total synthesis of (+)-Sch 642305. 
The construction of carbocycles is a fundamental and significant process in organic 
synthesis as these are the important structural components in the biologically active natural 
products. Many useful procedures have been developed for preparing mono- as well as 
multicyclic carbon frameworks. Consequently radical conjugate additions constitute a very 
valuable and useful tool in the arsenal of synthetic organic chemistry for the syntheses of 
carbocycles.  
In 2003, scientists at Schering-Plough reported the isolation and structure elucidation 
of a novel natural product, Sch 642305 (87, Figure 5). This was isolated from Penicillium 
verrucosum, as a potent inhibitor of bacterial DNA primase. Because DNA primase is 
necessary for the replication of chromosomal DNA, its inhibitors can have very useful 
applications as potent antimicrobials. Jayasuriya and co-workers recently reported that Sch 
642305 potently inhibits HIV-1 Tat transactivation too. The functionally enriched bicyclic 
macrolide framework of 87, composed of a decalactone moiety fused to a 4-
hydroxycyclohexenone ring, is synthetically challenging, especially because of the additional 
presence of four stereogenic centers. 
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Figure 5 
Strategy: 
For the formal total synthesis of (+)-Sch 642305, the key step is the Ti(III)-mediated 
opening of chiral epoxy alcohol followed by intramolecular trapping of the resultant 
intermediate radical by the electron deficient double bond leading to the construction of the 
highly functionalized six member carbocyclic ring of the molecule (Scheme 20).  
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Scheme 20 
For that, first we studied our strategy to synthesize highly substituted cyclohexane moiety 
(Scheme 21). 
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Scheme 21 
Synthesis of highly substituted cyclohexane moiety 95: 
The details of the process for the synthesis of highly substituted six-membered carbocycle 
are outlined in Scheme 22-23. We started our synthesis from commercially available 1,5- 
pentanediol (96) which was mono protected to 97 with benzyl bromide in 68% yield (Scheme 
22). Swern oxidation of 97 followed by stabilized Wittig olefination with Ph3P=CHCO2Et of 
the corresponding aldehyde led to the formation of α,β-unsaturated ester compound 98. 
Reduction of ester functionality in compound 98 with DIBAL-H gave allylic alcohol 99 
which on Swern oxidation followed by methylmagnesium iodide addition led to the 
formation of secondary allylic alcohol 100 in 80% yield. Now the racemic allylic alcohol 100 
was transformed into desired chiral asymmetric epoxy alcohol 101 using the Sharpless 
kinetic resolution protocol in 40% yield. Silyl protection of 101 led to the formation of 
globally protected 102. 
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Scheme 22 
Debenzylation of 102 using H2/Pd(C) conditions gave the primary alcohol 103 (Scheme 23). 
Swern oxidation of 103 followed by Wittig olefination of the corresponding aldehyde with 
stabilized ylide, Ph3P=CHCO2Et, led to the formation of α,β-unsaturated ester compound 
which was subjected to silyl deprotection using TBAF leading to the formation of desired 
epoxy alcohol 94 in 72% yield over three steps. Compound 94 on ring opening with 
Cp2Ti(III)Cl, gave a radical intermediate that underwent a facile intramolecular trapping by 
the α,β-unsaturated ester moiety leading to the formation of the six-membered cyclohexane 
ring 95 as the major product in 50% isolated yield, along with some other unidentified minor 
compounds. 
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Scheme 23 
The stereochemistry (Figure 6) of 95 was determined from the 3J values of C1-H, which did 
not show any large coupling with any of its vicinal protons suggesting that its equatorial 
orientation was in a chair-type conformation.  
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Figure 6 
Furthermore, diol 95 was converted into an acetonide 104 to assign the stereochemistries of 
the C-2 and C-3 centers. While C1-H in 104 appeared as a quartet with ~ 3 Hz coupling 
confirming its equatorial position, the O-CH Me showed a dq with ~ 6 Hz couplings with 
both methyl protons and C2-H. That the C2 center had the S stereochemistry could be 
concluded from the fact that diol 95 could be easily converted into the acetonide 104, which 
otherwise would have been difficult to make. Finally, an equatorial orientation of the C-3 
substituent is possibly more stable than an axial one. The later orientation would be expected 
to give rise to a lactone during the formation of 95. That there was no lactone formed in the 
reaction provides additional support in favor of the proposed R stereochemistry for the C-3 
carbon. 
Formal total synthesis of (+)-Sch 642305: 
Synthesis of (+)-Sch 642305 commenced from (5S)-5-(hydroxymethyl)dihydrofuran-
2(3H)-one (88) (see Scheme 24-29), which was prepared from L-glutamic acid in two steps 
using known methods. Protection of the primary hydroxyl group as TBDMS ether, and 
subsequent reduction of the lactone using LiBH4 furnished the diol 107. Chemoselective 
acylation of the primary hydroxyl group followed by TBDMS protection of the secondary 
hydroxyl group led to the formation of globally protected compound 109. Deacylation 
followed by Swern oxidation of the resultant primary alcohol afforded an aldehyde 
intermediate, which on Horner-Wadsworth-Emmons reaction with the keto-phosphonate 111 
afforded the desired α,β-unsaturated keto compound 112 in 75% yield. Luche reduction of 
112 furnished an inseparable mixture (1:1) of diastereomeric alcohols, which were protected 
as acetate to provide 114.  
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Scheme 24 
Selective deprotection of the primary TBS with HF-Py afforded a primary alcohol, which on 
oxidation under Dowering-Parikh conditions followed by Wittig olefination with stabilized 
ylide Ph3P=CHCO2Et afforded  the formation of α,β-unsaturated ester compound 89. K2CO3 
mediated acetate deprotection of 89 set the stage for Sharpless kinetic resolution of the 
intermediate diastereomeric mixture of allylic alcohols. L-(+)-DIPT mediated Sharpless 
kinetic resolution of the resultant diastereomeric allylic alcohol afforded chiral epoxy alcohol 
90 in 42% yield. However, the unwanted allylic alcohol was also serviceable through 
recycling via Swern oxidation followed by Luche reduction. 
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Scheme 25 
Now 90 was well equipped for implementing the crucial Ti(III) mediated epoxide opening 
followed by cyclization.  
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Scheme 26 
Indeed, on exposure to the Cp2Ti(III)Cl reagent, generated in situ from Cp2TiCl2 and Zn dust 
and freshly fused ZnCl2, compound 90 underwent epoxide opening at C-2 position from the 
hydroxy side and gave rise to a radical intermediate that was intramolecularly trapped by the 
α,β-unsaturated ester moiety leading to the formation of the highly substituted six-membered 
trans-fused carbocyclic scaffold as the major product, which was debenzylated to give triol 
moiety 118. 
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Scheme 27 
Synthesis of 92, the Wittig salt fragment, commenced from the same starting material 88 (see 
Scheme 28). Compound 88 was converted by reported procedure into known compound 119 
which could be selectively mono acylated with acetyl chloride followed by the protection of 
the secondary hydroxyl group as TES ether to lead to all protected compound 121. Next 121 
was transformed into 92 in three steps – selective acetyl deprotection, iodide formation and 
finally, Wittig salt preparation using excess TPP. Now NaIO4 mediated oxidative cleavage of 
118 followed by Wittig olefination with 92 led to the intermediate mixture of cis-trans 
olefinic alcohol which could be oxidized by Dess-Martin periodinane and finally, double 
bond saturation and selective desilylation of TES ether were done under hydrogenation 
condition in one pot to get the compound 93. 
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Scheme 28 
The spectral and analytical data of 93 were in good agreement with that reported in the 
literature. Synthesis of 87 from 93 has already been reported. 
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Scheme 29 
In summary, we have accomplished the formal total synthesis of bioactive natural 
product (+)-Sch 642305 through a radical mediated epoxide opening followed by 
intramolecular cyclization strategy using Cp2Ti(III)Cl and syntheses of both the fragments 
commenced from the same cheap starting material. As these bicyclic macrolides are having 
interesting biological activities, we hope our synthetic strategy would be useful for the 
further investigation in the related fields. 
 
 
 
 
 
 
